The essential oils (EOs) obtained by steam distillation from the leaves and the berries of Juniperus phoenicea L., harvested in northwest of Algeria were analyzed and their antimicrobial and anti-inflammatory activities were assessed. 63, 46 and 78 volatile compounds were identified by GC-FID and GC-MS from fresh leaves, dried leaves and berries representing 98.1%, 98.3% and 96.4% of the total oil, respectively. The fresh and dried leaves oils were mainly composed of β-phellandrene (43.9% / 44.9%), α-pinene (25.1% / 20.3%), myrcene (8.5% / 8.2%), α-phellandrene (4.7% / 4.5%) p-cymene (2.7% -3.0%) and limonene (2.3% -2.5%) whereas, the berries oil was mainly composed of α-pinene (43.7%), p-cymene (5.8%), β-phellandrene (4.6%), α-terpineol (4.3%) and α-campholenal (4.0%). The study of the antimicrobial activity showed that the 3 EOs were effective only on B. cereus ATCC 10876 and C. albicans ATCC 10231. No signs of acute toxicity have been noted in mice even at the highest dose tested (5000 mg/kg p.o). The fresh leaves, dried leaves and berries oils reduced the carrageenan-induced paw edema in mice by 16.8%, 15.2% and 6.4%, respectively, after 6 hours at a dose of 400 mg/kg p.o.
The chemical composition of J. phoenicea EOs was analyzed simultaneously by GC-FID and GC-MS methods. The constituents and their relative concentrations and retention indices obtained are given in Table 1 . In total, 63, 46 and 78 compounds were identified in fresh leaves, dried leaves and berries, respectively, accounting for 98.1%, 98.3% and 96.4% of the total oil. The EOs are mainly composed of monoterpene hydrocarbons. The major component found in fresh and dried leaves was β-phellandrene (43.9 -44.9%), followed by α-pinene (25.1 -20.3%), myrcene (8.5 -8.2%), α-phellandrene (4.7 -4.5%), p-cymene (2.7 -3.0%) and limonene (2.3 -2.5%). In berry oil, the key substance was α-pinene (43.7%) followed by p-cymene (5.8%), β-phellandrene (4.6%), α-terpineol (4.3%) and α-campholenal (4.0%). Several publications reported that leaf and berry EOs of J. phoenicea from the Mediterranean basin were characterized by α-pinene [12] [13] [14] [15] , whereas, studies carried out on J. phoenicea var. turbinata grown in the region of Tarifa (Spain), Crotone (Italy) [16] and Portugal [17] , stated the presence of β-phellandrene in higher content than α-pinene in leaf oil, which is in agreement with our finding.
The variations in EO content can be related to several factors such as the geographical area of collection, climate, season, storage conditions, part of the plant studied and stage of development [8] .
The results of the antimicrobial activity of J. phoenicea EOs using disc diffusion method are summarized in Table 2 . Only Bacillus cereus ATCC 10876 and Candida albicans ATCC 10231 were sensitive to the EOs with maximum zone of inhibition of 34.67 mm against the first strain and 11 mm against the second one. The positive controls were more effective than EOs giving that all the strains tested were inhibited with diameter halos ranging from 11 to 38.5 mm.
The sensitivity of the target germs has been classified by the diameter of the inhibition halo as follows: not sensitive (-) for diameter less than 8 mm; sensitive (+) for total diameter 9 -14 mm; very sensitive (++) for total diameter 15 -19 mm and extremely sensitive (+++) for over 20 mm diameter [18] . 7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51 RI: Retention index; tr: Traces < 0.05 %. Table 2 : Antimicrobial activity of Juniperus phoenicea L. essential oils and standard drugs using disc diffusion assay (inhibition zones diameters in mm).
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Antimicrobial drug

Bacillus cereus ATCC 10876
Escherichia coli ATCC 25922
Pseudomonas aeruginosa ATCC 27853
Proteus mirabilis ATCC 35659
Proteus vulgaris ATCC 6380
Candida albicans ATCC 10231 All values (inhibition zone including disc diameter of 6 mm) are expressed as mean of triplicate readings ± standard deviation; ATCC: American Type Culture Collection.
Aspergillus brasiliensis
In Table 3 , MIC, MBC/MFC values of J. phoenicea EOs were evaluated only against the strains that showed sensitivity by disc diffusion assay. The highest level of bioactivity was observed on B. cereus ATCC 10876. The lowest MIC and MBC values were determined to be 0.312 and 0.625 µl/ml, corresponding to dried leaf EO, followed by MIC and MBC of both fresh leaf and berry EOs which were recorded at the same values: 1.25 and 2.5 µL/mL, respectively. Concerning C. albicans ATCC 10231, the antifungal activity was very weak. Indeed, only MIC and MFC values of berry EO have been determined (2.5 and 10 µL/mL, respectively). According to [19] , a MBC/MIC or MFC/MIC ratio of an antimicrobial substance inferior or equal to 4, can be considered as bactericidal or fungicidal, but if the ratio is superior to 4, then it is bacteriostatic or fungistatic. Based on the results of Table 3 , we notice that the activity was bactericidal against B. cereus ATCC 10876 for the three EOs and fungicidal against C. albicans ATCC 10231 regarding the berry EO. Mean ± SEM (n = 6); Control: vehicle (Tween 80, 1%); Standard: Diclofenac. *p < 0.05; **p < 0.01; ***p < 0.001 significance (Comparison to control group).
In Table 2 , J. phoenicea EOs showed moderate to good growth inhibitions against Gram-positive strains but no activity against Gram-negative ones. These last were reported to be generally less sensitive to EOs than Gram-positive bacteria due to the structural differences of the cell walls [20] . Indeed, Gram-negative bacteria have an outer membrane which possesses hydrophilic lipopolysaccharide chains acting as a barrier toward hydrophobic compounds such as those found in EOs [21] . This could explain the results obtained in the present study.
Some studies have also noted the resistance of Gram-negative strains including E. coli and P. aeruginosa to J. phoenicea EOs, [22, 23] while, other works reported their sensitivity [10, 14] . On the other hand, the most sensitive strain to our EOs i.e., B. cereus, was found to be resistant in a previous study [23] . The antimicrobial activity of J. phoenicea EOs could, in part, be attributed to their major components including β-phellandrene and α-pinene. These last have been reported to show antimicrobial effects [24] . On the other part, the synergistic effects of the minor constituents may also contribute to this activity [25] .
Concerning the study of the oral acute toxicity of J. phoenicea EOs in mice, at doses ranging from 50 to 5000 mg/kg, no mortality or changes in the autonomic or behavioral responses were noticed 24 hour after the test and during the 7 days of observation. According to the guidelines [26] , we conclude that the three EOs are highly safe and nontoxic for mice.
The results of the evaluation of the anti-inflammatory activity by carrageenan-induced paw edema in mice are given in Table 4 . The paw volume increased progressively after carrageenan injection.
The maximum swelling was reached at 4 hours in all of the groups except in the standard group, treated with diclofenac and in which, the inflammation started already to decrease at 3 hours. On the other hand, only the groups treated with 200 and 400 mg/kg of fresh and dried leaf EOs showed a slight decrease of paw volume from 5 to 6 hours compared to the control. The most active one was the fresh leaf oil, followed closely by the dried leaf oil and, at last, the berry oil giving respectively, at the highest dose tested (400 mg/kg), the following percentages of inhibition: 16.1%, 14.5% and 5.6% 6 hours after carrageenan injection. These results still very low compared with that of diclofenac (85.5%).
Paw swelling is one of the major factors in assessing the degree of inflammation and efficacy of the tested drugs [27] ; its induction by carrageenan injection is the standard experimental model used [28] . This phenomenon is characterized by a biphasic response. The first phase (1-2 hours) is mediated by the release of histamine, serotonin and bradykinin. The second phase (3-6 hours) is sustained by the release of prostaglandins, leukotrienes, lysozymes, proteases, nitric oxide (NO) and also by local neutrophil infiltration [29, 30] . The late phase is reported to be sensitive to most of clinically effective antiinflammatory agents [29] . The slight inhibition of the inflammation by J. phoenicea EOs, especially the leaf EOs, starting from 5 hours (Table 4) , could be explained by the fact that these last could prevent the release of the inflammatory mediators of the second phase by acting on the principal synthases: COX-2 enzymes and inducible nitric oxide synthase (iNOS), whose expressions were reported to be at their maximum in this phase [31] .
Although weak, the anti-inflammatory activity of J. phoenicea EOs can be attributed to α-pinene, which is one of the major compounds. Indeed, the anti-inflammatory properties of this last have been reported by many studies [32] . It is able to inhibit the formation of COX-1 and COX-2 enzymes, tumoral necrosis factor alpha (TNF-α) and interleukin-6 (IL-6) [33, 34] . Other compounds present at appreciable amounts, can also contribute to this activity such as pcymene, limonene and myrcene. It has been found that p-cymene inhibits the formation of COX enzymes and IL-6 [33] and modulates cytokine production [35] , while, limonene and myrcene inhibit IL-1β induced NO production [36] . To the best of our knowledge, no study so far has demonstrated a probable antiinflammatory effect of β-phellandrene, the main component of our leaves EOs. The fresh leaves and berries were directly subjected to distillation of their essential oils while a part of leaves were dried at room temperature, protected from light, for 15 days.
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Essential oil extraction:
Leaves and berries EOs were extracted by steam distillation for 3h. Oil samples were stored at 4°C until further analysis and bioassays.
GC-FID and GC-MS analyses:
A ThermoQuestTraceGC equipped with SE-52 capillary column (50 m × 0.25 mm × 1.0 µm) and FID detector was used for GC-FID anlyses. Helium 5.0 (carrier gas) was used at a flow rate of 1.5 ml/min, the initial oven temperature was set at 60°C for 1 min with an increase to 250°C at a rate of 3°C/min. The MS and FID data were simultaneously acquired using a MS-FID splitter consisting of a quartz Y-splitter and a short (ca. 20 cm) 0.1 mm ID fused silica restrictor column as an inlet to the GC-MS interface and a ca. 1 m × 0.25 mm deactivated fused silica column as a transfer line to the FID detector. The injector and detector temperatures were 230°C and 250°C, respectively. 0.1 µL of EO sample was injected neat at a split ratio of 1:100. GC-MS analysis was performed on a Thermo-QuestAutomass Solo single quadrupole mass spectrometer with interface heating at 250°C, ionsource at 230°C, EI mode at 70 eV, scan range 40-500 amu, scan rate of 0.5 sec and filament 300 µA. The identification of the EO components was conducted using ThermoXcalibur 1.2 software by correlating spectra with NIST08, Wiley 8th ed, Adams [37] , and MassFinder terpenoids libraries. The retention indices were determined according to [38] . The quantification was achieved using normalized peak area calculations of the FID without relative FID response factors.
Microbial activity of essential oils:
Microbial 
Disc diffusion method:
The inhibitory effect of J. phoenicea EOs was evaluated by disc diffusion method [39] . Briefly, 100 µL of a microbial suspension (10 8 CFU/mL of bacteria cells, 10 6 CFU/mL of yeast and 10 6 spores/mL of fungi) were spread on Petri plates containing Mueller-Hinton agar (MHA) and potato dextrose agar (PDA) medium, respectively [40, 41] . Sterile paper discs (6 mm diameter) were impregnated with 15 µL of EO and placed on the inoculated agar. Discs without samples were used as negative control. Standards drugs were used as positive controls. The plates were kept at room temperature for 30 min, and then, were incubated at 37°C for 24 h for bacteria and at 30°C for 48 h for yeast and 5 -7 days for fungi. Antimicrobial activity was assessed by measuring the diameter of the growth-inhibition zone in millimeters (including disc diameter of 6 mm) for the test organisms compared to the controls. The measurements of inhibition zones were carried out in triplicates.
Determination of minimum inhibitory concentration (MIC):
The MIC values were determined by the broth macrodilution method. The EOs were prepared by emulsion then two fold serial dilutions in agar solution (0.2%) [42] . Final concentrations ranging from 0.0781 to 10 µL/mL (v/v) were tested against the selected microbial strains. For fungi, 0.1 mL of each EO dilution was added in test tubes containing 0.9 ml of Sabouraud broth inoculated with fungal culture standardized at (1 X 10 7 cells/mL for yeast and 10 6 spores/mL for fungi) [44] . The tubes were incubated at 25°C for 48 h for yeast and 5 -7 days for fungi. The change in turbidity after the incubation period was observed and compared with controls. A tube containing nutrient broth and inocula but no EO was used as negative control, while tubes containing sterile broth and each EO concentration were used as positive control (reference series). Each oil concentration was assayed in triplicate. The lowest one, which did not show any visual growth after macroscopic evaluation, was determined as MIC.
Determination of minimum bactericidal concentration (MBC):
The MBC values were determined by first selecting tubes that showed no growth during MIC determination, a loopful from each tube was subcultured on MHA plates. The dishes were incubated at 37°C for 24 h. The experiment was performed in triplicate. The complete absence of growth on the agar surface at the lowest concentration of EO was noted as MBC [42] .
Determination of minimum fungicidal concentration (MFC):
To determine the MFC, 10 µL aliquot from all the tubes showing no visible growth was removed and subcultured on Sabouraud agar plates. The dishes were incubated at 25°C for 48 h for yeast and 5 -7 days for fungi [44] . Each assay was performed in triplicate and the results were expressed as the average of the three repetitions. The lowest concentration of EO for which there was no visible growth was defined as MFC indicating 99.5% killing of the original inocula.
Pharmacological tests
Animals: Swiss albino mice of both sexes (weighing 25 -30 g) were obtained from Pasteur Institute (Algiers, Algeria). They were housed in polypropylene cages with free access to standard pellet diet and water ad libitum, and maintained at 25 ± 2°C and on 12-hour light/dark cycle. The mice were acclimatized to the environment for two weeks before experimental use. All experimental protocols were prepared and performed based on ethical guidance of Institutional Animal Ethical Committee.
Preparation of test samples:
The EOs of J. phoenicea were solubilized in a mixture of distilled water and 1% Tween 80 providing a 100 mg/mL solution to be administered orally to the animals [45] . Additional agents including carrageenan (1%) and diclofenac were dissolved in normal saline (0.9% w/v). All chemicals used in this study were purchased from Sigma-Aldrich Co. (St. Louis, MO, USA).
Acute oral toxicity:
The acute oral toxicity was tested according to OECD GuidelineN°423 [26] . The animals were fasted 16 hours prior to the experiment with ad-lib access to water. The EOs were orally administered to groups of mice (n = 3) at doses of 50, 300 and 2000 mg/kg, respectively. The control group received only the vehicle. Animals were continuously observed during 2 hours to detect changes in autonomic or behavioral responses and monitored for any mortality for the following 48 hours and then for 7 days. If no death occurred in any group, the test was repeated at higher doses (3000, 4000 and 5000 mg/kg) with a fresh batch of animals (n = 3).
Anti-inflammatory activity:
The anti-inflammatory activity was assessed on the basis of inhibition of paw edema induced by the injection of carrageenan [46] . The mice were fasted 16 hours prior to the experiment with free access to water. They were divided into eleven groups of six animals each. Group I (control) received the Algerian Juniperus phoenicea essential oils Natural Product Communications Vol. 13 (2) 2018 227 vehicle (Tween 80, 10mL/kg), Group II (standard) received reference drug (diclofenac, 10 mg/kg). Groups III to V received fresh leaf EO at doses of 100, 200 and 400 mg/kg, respectively. The same doses of dried leaf EO and berry EO were administered to Groups VI to VIII and groups IX to XI, respectively. 30 min after oral drug administration, edema was induced by injecting 50 µL carrageenan (1% w/v) into the sub-plantar region of the right hind paw. Paw volume (mm) was measured using digital vernier calipers before injection and 1, 2, 3, 4, 5 and 6 hours after [47] . Edema inhibition percentage was calculated as follows: % where V t is the paw volume after a specific time interval after carrageenan injection and V 0 the paw volume before carrageenan injection.
Statistical analysis:
The results were statistically analyzed with one-way ANOVA followed by Tukey's HSD test, using R software. Values with p < 0.05 were considered statistically significant.
